Cycloheximide, ion uptake, ion transport, protein synthesis Cycloheximide inhibits transport of K through barley roots without affecting K uptake and ac cumulation in the root cells. The inhibitor acts upon protein synthesis but does not appear to un couple respiration. Requirement of protein synthesis for ion transport through roots is possibly due to involvement of symplasmic transport or vesicular secretion into the xylem. 
Materials and M ethods
Transport of ions through the roots of high-salt seedlings can be measured within minutes after ex cising, whereas roots of low-salt seedlings need several hours for transport to d evelop 2,5. For this reason roots of high-salt barley seedlings were used for measurement of 86Rb transport using a techni que described elsew here2. Briefly, excised roots were set up in a series of chambers so that the apical 5 -7 cm was in radioactive solution and about 0.5 cm at the cut end in non-radioactive solution of the same concentration. The solutions contained 5 mM KCl + O.lmM C aS 04 with or without 86Rb as a tracer for K and were aerated. This solution was changed at intervals and tracer content mea sured to estimate transport through the root. For the conclusions drawn in this paper it is not relevant that 86Rb labelling might not give exact quantitative estimates of K+ uptake and transport (cf. r e f .13-15) . For our purposes it is even sufficient that 86Rb behaves in high-salt barley seedlings qualitatively like K.
A ccum ulation2 was estimated from the amount of 86Rb in the roots at the end of the transport ex periment. The control rate was used to estimate the content of 86Rb at the time of addition of CHM.
Uptake of 86Rb was measured with excised roots from barley seedlings grown for 6 days on complete nutrient solution 16. The aerated solutions contained 5 mM KC1 + 0.1 mM C aS 04 with or without 86Rb as a tracer and were kept at 25 °C. The experiments were done essentially as described elsewhere 13. Fig. 1 (cf. r e f .17) . After 2 hours in radioactive solution CHM was added to the labelled solution. Fig. 1 shows that 10 //g /m l CHM strongly inhibited 86Rb transport in both kinds of roots. In several experiments, trans port was reduced to nearly 10% of the controls within 2 x/s hours. A ddition of 1 //g/m l CHM had less effect, but still reduced transport to about 60% of the controls. For exam ple in C aS04/KCl roots, transport was 55% of controls after 3 A /2 hours and in roots from nutrient solution it was 65% after 2 a/2 hours.
Inhibition of transport in intact plants by CHM was demonstrated by measuring its effect on guttation. At 10 //g/m l CHM guttation was stopped completely within an hour.
Though transport (and guttation) was inhibited (Fig. 1 ) , CHM did not affect the accumulation of 86Rb in root cells (Table I ). Uptake of 86Rb by roots was also insensitive to CHM; the amount of 86Rb taken up after 60 and 120m in at 1 0 //g/m l CHM was 99 and 112% of the controls respectively. Cycloheximide is generally used as an inhibitor of cytoplasmic protein synthesis, but Ellis and Mac Donald 18 showed that other physiological processes in higher plants may also be affected and in particu lar that CHM may act as an uncoupler of respira tion. Protein synthesis in high-salt barley roots was certainly inhibited by CHM both at 1 and 1 0 //g/m l (Table II) . At both 1 and 1 0 //g/m l CHM the total uptake of 14C-leucine was the same as for the con trols. The rate of incorporation into the trichloro acetic acid-insoluble fraction (protein), however, was steady over the two hours m easured and re duced to 61 and 38% of the controls at 1 and 1 0 //g/m l CHM respectively.
In contrast, CHM did not appear to affect respira tion (Table I I I ) . Oxygen uptake was not stimulated, as one might expect if CHM would act as an un coupler. The uncoupler CCCP, however, increased 0 2 uptake by almost 100% (Table I I I ) . In addition, CCCP strongly reduces ion uptake and accumulation Table III in high-salt barley roots 8. Since CHM did not stim u late respiration and in particular had no effect on K uptake and accumulation, it seems unlikely that it could have been acting simply as uncoupler of re spiration. The action of CHM as an inhibitor of p ro * Note added in proof. Measurements of the effect of 0.25 mM PCMB on barley roots showed that K transport through roots from 5 mM KC1 + 0.1 mM CaS04 was in hibited by 90%, but it was found that uptake to root cells was inhibited too by 75%.
tein synthesis is in line with the conclusion of Van Steveninck and Van Steveninck 19 that the ion trans port mechanisms in cells of beet-root slices depend on the synthesis and decay of specific proteins. These results provide further evidence that trans port of K through the root differs from uptake and accumulation of K in cells of the cortex. There is also the implication that transport involves protein synthesis. Inhibition of transport with CHM is thus consistent with Baker's observation that PCMB in hibited exudation from Ricinus seedlings, though in this case only exudation of fluid was measured and no data on ion uptake and transport through the root were reported 20. * In studying transport of ions across the root it is possible that we are looking at the overall effect of one or more processes, for example, at symplasmic transport and also at secretion of ions into the xylem by a separate process. For giant algal cells (Chara, N itella) it appears that in addition to active transport across the plasmalemma, there may also be a vesicular mechanism of transport through the cytoplasm 21. Secretion into the xylem could also be by such a mechanism, differing in kind from the mechanism of uptake into a cortical cell, which ap pears to be due to a membrane-bound enzyme system 22.
One can readily accept that both symplasmic transport within a membrane system (endoplasmic reticulum ?), and secretion by vesicles would require some degree of membrane turnover and therefore of protein synthesis. Involvement of protein syn thesis in the transport process would also explain the action of abscisic acid and cytokinins on trans port (cf. r e f .17), since both these substances have selective action on enzyme synthesis 23.
